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Mechanism of the blunted phosphaturia in saline-loaded
thyroparathyroidectomized dogs. To define the relationships
between sodium and phosphate transport in the presence and
absence of parathyroid hormone (PTH), and to evaluate the
effects of saline loading on these relationships, recollection
micropuncture studies were done in proximal tubules of intact
and thyroparathyroidectomized (TPTX) dogs. Micropuncture
collections were made before and after 5% of body wt saline
expansion (SE) in three groups of dogs: intact (N= 6), acute
TPTX (N= 6) and 24-hr TPTX (N= 6). Before SE, proximal
tubular fluid/ultrafiltrate phosphate ratio [(TF/UF)] was
0.62 0.05 in intact dogs and was unrelated to tubular fluid!
plasma inulin ratio [(TF/P)1]. In both TPTX groups (TF/UF)
varied inversely with (TF/P)1 (P< 0,001). In late proximal
tubules [(TF/P)1> 1.70], (TF/UF) was 0.39 in acute TPTX and
0.40 in 24-hr TPTX. After SE, (TF/UF) rose to values of 0.7 to
0.8 in all three groups. (TF/P),,, fell in all animals after SE so that
fractional reabsorption of phosphate (FRP) in the proximal
tubule fell markedly. The decrement in FRP was equivalent in
all three groups: 0.29 in intact, 0.34 in acute TPTX and 0.34 in
24-hr TPTX. A significant phosphaturia (0.26 of filtered load)
occurred only in intact animals, despite equivalent natriuresis in
all three groups. We conclude that SE causes equivalent inhibi-
tion of proximal phosphate reabsorption in both intact and
TPTX dogs. In intact dogs, the portion of proximal tubular
phosphate inhibited by SE is almost totally excreted. In TPTX
animals, enhanced phosphate reabsorption beyond the cortical
proximal tubule accounts for the blunted phosphaturia.
Mécanisme de l'atténuation de Ia phosphaturie ehez les chiens
thyroparathyroideetomisés sotunis is tine expansion saline. Afin de
définir les relations entre les transports du phosphate et du
sodium en presence et en l'absence d'hormone parathyroidienne
(PTH) et pour évaluer les effets de la surcharge saline sur ces
relations, des recollections en microponction ont été réalisdes
dans les tubes proximaux de chiens intacts et parathyroidec-
tomisés (TPTX). Les collections ont etC faites avant et aprCs une
expansion de 5% du poids corporel dans trois groupes de chiens:
intacts (N= 6), PTX aigus (N= 6) et PTX de 24 heures (N= 6).
Avant expansion (sa) Ia concentration relative du phosphate
tube proximal! ultrafiltrat [(TF/UF)] est de 0,62 0,05 chez les
chiens intacts et n'est pas liée au rapport liquide tubulaire/
plasma de l'inuline [(TF/P)1]. Dans les deux groupes TPTX
(TF/UF) est inversement correlC a (TF/P)1, P <0,001. A la fin
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de tube proximaux accessibles [(TF/P),> 1,70], (TF/UF) est
de 0,39 chez les TPTX aigus et de 0,40 chez ceux de 24 heures.
AprCs expansion, (TF/UF)P atteint de valeurs de 0,7 a 0,8 dans
les trois groupes. (TF/P)1 diminue chez tous les animaux de
telle sorte que Ia reabsorption fractionnelle du phosphate (FRP)
dans les tubes proximaux diminue nettement. La diminution de
FRP est semblable dans les trois groupes: 0,29 chez les nor-
maux, 0,34 chez les TPTX aigus et 0,34 chez les TPTX de 24
heures. Une phosphaturie importante (26% de Ia charge
filtree) survient uniquement chez les animaux normaux en dCpit
d'une natriurCse semblable dans les trois groupes. Nous con-
cluons que SE determine une inhibition Cquivalente de Ia rCab-
sorption proximale du phosphate aussi bien chez le chien nor-
mal que TPTX. Chez le chien normal la fraction de Ia rCaborp-
tion proximale de phosphate qui est inhibéc est totalement
excrCtCe. Chez les animaux TPTX une reabsorption de phos-
phate augmentCe au delis du tube proximal cortical rend compte
de l'attCnuation de Ia phosphaturie.
Several recent studies [1—4, 5] have been concerned
with the phosphaturia that results from extracellular
fluid volume expansion (ECVE) and the role of para-
thyroid hormone (PTH) in this response. It has been
noted that in animals undergoing parathyroidectomy
several days before ECVE, the degree of phosphaturia
is less, for any given natriuresis, than in intact animals
[2, 3]. Furthermore, in animals subjected to para-
thyroidectomy immediately prior to ECVE, phos-
phaturia is reported to be minimal to nonexistent,
despite a normal increase in sodium excretion [1, 4, 5].
These results have led some to speculate that sodium
and phosphate transport may be dissociated in the
parathyroidectomized animal. The mode, mechanism
or intrarenal sites of this dissociation are, however,
still unclear.
In an effort to elucidate the mechanism of the
blunted phosphaturic response to ECVE and to charac-
terize the effect of parathyroidectomy on proximal
tubular phosphate transport, we have carried out
micropuncture studies in intact and acutely para-
thyroidectomized dogs, before and after saline expan-
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sion. Our data indicate that ECVE resulted in an
equivalent inhibition of proximal phosphate reab-
sorption in intact and TPTX dogs. In intact animals,
that portion of proximal phosphate (P) reabsorption
inhibited by ECVE was almost quantitatively excreted
in the urine. In TPTX dogs, however, in which phos-
phaturia was minimal, the data indicate that the proxi-
mally rejected portion was almost totally reabsorbed
at site(s) distal to the late proximal tubule. This
"unmasked" distal system thus appears to be nor-
mally inhibited by PTH.
Methods
Mongrel dogs of either sex, weighing 15 to 25 kg
and fasted for 12 hr, but not water-restricted, were
anesthetized with sodium pentobarbital i.v. (20 mg/
kg) and received supplemental doses as required
during the experiment.The animals were intubated and
ventilated with a Harvard ventilator. Surgical prepar-
ation of the animals for clearance and micropuncture
studies was performed as described previously from
this laboratory [6]. A priming dose of 200 mg/kg of
inulin was given followed by a sustaining infusion
of inulin in 0.9% saline at a rate of 1.0 ml/min to
maintain a stable plasma inulin concentration of
approximately 100 mg/100 ml. Variations of this basic
protocol were used in the different groups of animals
as described in the following.
Group 1. Intact control. To evaluate the effects of
the re-collection technique per se upon the various
indexes being measured, six dogs received only isotonic
saline solution containing inulin at 1.0 ml/min for the
three to four hours of the experiment. Control samples
were obtained by micropuncture techniques as pre-
viously described [6] from four to seven surface proxi-
mal tubules per kidney over 30 to 45 mm. Urine was
collected separately from each kidney during this
period and blood samples were drawn via a femoral
arterial catheter at the beginning, mid-point and end
of this period. Re-collections were begun 45 to 60 mm
after completion of the initial collections.
Group 2. Acute TPTX control. A second control
group was studied to evaluate the effects of acute
TPTX upon the indexes being measured. In seven
dogs, TPTX was carried out immediately after intuba-
tion. The sustaining infusion and initial and re-collec-
tion micropunctures were performed exactly as des-
cribed for group 1. The initial collections were made
about two hours after completion of the procedure.
Group 3. Intact—saline. In six intact dogs, initial
collections were made as described for group 1.
Following completion of these control collections, a
solution of 150 m sodium chloride equivalent to
5% of body wt was infused over 20 to 25 mm. Sub-
sequent urinary losses were replaced by an equal
volume of 150 m saline to maintain a sustained state
of ECVE. After urine flow rate had reached a new
steady-state (60 to 80 mm), re-collections were made.
Group 4. Acute TPTX—saline. In six dogs, TPTX was
carried out at the beginning of the experiment and
initial collections made as described for group 2. Then
a 5% of body wt saline load was given and re-collec-
tions made, exactly as described for group 3.
Group 5. 24-hr TPTX—saline. In six dogs, surgical
TPTX was carried out prior to the micropuncture
experiment. Initial collections, saline expansion and
re-collections were made as described for group 3.
Blood samples for phosphate, drawn anaerobically,
were ultrafiltered as previously described [2]. Sodium
concentration in blood and urine samples was deter-
mined by a flame photometer (Instrumentation
Laboratory); inulin and phosphate were analyzed as
previously described [6].
Tubular fluid inulin concentration was measured in
duplicate in 6-nl aliquots using the fluorometric
method of Vurek and Pegram [7]. Tubular fluid phos-
phate and sodium concentrations were determined by
electron microprobe analysis using a modification of
the method described by Lechene [8], reported pre-
viously from this laboratory [9]. When 32 ultrafiltrates
were analyzed as unknowns by the microprobe
technique, the mean SEM of the quotient of results
obtained by the microprobe divided by the results
from the macromethod for phosphate was 1.02±0.02.
Clearances of sodium (Ca), inulin (C1) and ultra-
filterable phosphate (Cr) were calculated in the usual
manner. Fractional sodium, water and phosphate
reabsorption rates in the proximal tubule were calcu-
lated by standard formulae [6]. The significance of the
mean difference between control and experimental
observations was determined by the t test for paired or
nonindependent variables [10].
Results
Clearance data (Table 1, left). The percentage of
filtered sodium excreted (FE) increased significantly
after saline in all three experimental groups (3—5),
reaching comparable final values. However, only in
intact animals (group 3) did saline infusion result in a
significant increase in FE of phosphate. The mean in-
crease in FE of phosphate in intact dogs (24%) was
significantly greater (P <0.005) than the mean increase
in group 4 (3%) or group 5 (2%) despite equivalent
natriuresis.
Neither the initial FE of phosphate nor the phos-
phaturic response to saline expansion appeared to be
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Table 1. Summary of clearance and micropuncture data5
Group Clearance datab Micropuncture data'
Plasma phosphate GFR Fractional sodium Fractional phosphate Fractional sodium Fractional phosphate
mg/100 ml mi/mm excretion, % excretion, % reabsorption reabsorption
C RC RC RC RC RC R
3.68±0.24 4.69±0.22 30±2 32±2 0.13±0.03 0.11±0.02 4.63±2.85 6.91±3.34 0.44±0.01 0.42±0.02 0.66±0.05 0.63±0.031 Intact
control
(N=6) P<O.OOI NS NS P<0.02 NS NS
2 AcuteTPTX 4.62±0.38 5.66±0.39 31±4 29±3 0.18±0.10 0.12±0.06 0.37±0.12 0.24±0.08 0.47±0.02 0.44±0.02 0.77±0.04 0.72±0.03
control
(N=7) P<0.0l NS NS NS NS NS
3 Intact 4.43±0.42 4.24±0.52 32±2 40±2 0.16±0.03 2.61±0.79 2.41 1.10 25.51±4.71 0.46±0.04 0.24±0.03 0.64±0.05 0.35±0.06
saline
(N=6) NS P<0.005 P<0.025 P<0.005 P<0.001 P-zO.005
4 Acute TPTX 4.17±0.23 4.06±0.28 27±4 34±5 0.09±0.03 2.09±0.47 0.26±0.05 3.06± 1.36 0.47±0.01 0.27±0.03 0.78±0.02 0.44±0.03
saline
(N=6) NS P<0.05 P<0.01 NS P-cO.005 PozO.001
5 24-hrTPTX 5.63±0.60 4.88±0.57 32±3 35±3 0.25±0.07 3.52±0.91 1.63±0.84 3.93±2.44 0.47±0.01 0.20±0.03 0.76±0.03 0.42±0.03
saline(N6) NS P<0.05 P-cO.02 NS P<O.OOl F<0.00l
' C, control period; R, re-collection period.' Values are means SEM.
° Statistical analyses were made by the method of paired variates; mean values of tubular fluid specimens obtained during control collection were compared to mean value of
tubular fluid specimens during recollection in each dog.
correlated with the initial plasma phosphate Value
(Table I, left).
Micropuncture data (Table 1, right). (TF/P)1 values
did not change significantly during the course of the
micropuncture experiments in either control group (1
and 2), indicating that fractional water reabsorption
by the proximal tubule was not altered during con-
tinued hydropenia. Similarly, fractional phosphate
reabsorption did not change significantly with time in
either control group (Table 1, right). Mean (TF/P)Na
values were 0.99 0.01, 1.02 0.02, 1.01 0.01, 0.98
0.01 and 1.00±0.01 in the five groups during initial
collections. None of these values was significantly
different from 1.0. During re-collections, there was no
significant change in any group.
Although mostly late proximal tubules were selected
for micropuncture, some relatively early tubules were
analyzed to examine the relationship, if any, between
phosphate reabsorption and that of sodium and water
along the tubule. In intact control animals (group 1),
(TF/UF)0 values were not correlated with (TF/P)10.
In contrast, in acute TPTX animals (groups 2 and 4),
initial (TF/UF)P values were inversely correlated with
(TF/P)55, as shown in Fig. 1. This inverse correlation
was even more evident when correlations were
calculated for individual dogs (the mean correlation
coefficient was 0.69 compared to the value of 0.46 in
the mass plot). In the 24-hr TPTX dogs (group 5),
similar inverse correlation was noted between (TF/
UF)P and (TF/P)1. The equation of the regression line
[(TF/UF)0= 1.19—0.42 (TF/P)1 0.013; r=0.58; P<
0.001] was remarkably similar to that in acute TPTX
animals (Fig. 1). Due to this inverse correlation with
(TF/P)1, the overall mean value for (TF/UF)P in any
TPTX group overestimated the (TF/UF) values
existing at the end of the proximal tubule. Therefore, in
the analysis of the data, only late proximal tubules
[(TF/P)in of 1.70 or greater] were used in all five
groups, and these data are presented in Table 1, right.
Following saline expansion, (TF/P)1 fell from
1.80±0.04 to 1.34±0.03 (P<0.01), 1.89±0.03 to
1.36±0.03 (P'zO.005) and 1.89±0.04 to 1.25±0.04
(P<0.00l) in groups 3, 4 and 5, respectively, reflecting
equivalent decreases in fractional sodium and water
reabsorption (Table 1, right). Mean (TF/UF) rose in
all dogs, regardless of presence or absence of PTH.
In intact dogs (group 3), mean (TF/UF) rose from
0.62±0.05 to 0.84±0.07 (P<0.02) after saline. In
acute TPTX (group 4), saline resulted in a rise of mean
(TF/UF)P from 0.39±0.05 to 0.75±0.05 (P<0.001),
S
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Fig. 1. Correlation of tubular fluid/ultrafihtrate phosphate ratio,
(TF/UF)5, with tubular fluid/plasma thu/in ratio, (TF/P)15, in the
proximal tubule of acute thyroparathyroidectomized (TPTX)
dogs. The solid line is the calculated regression. Each point
represents a single tubule. The broken lines enclose the 95%
confidence band for (TF/UFP vs. (TF/P)15 in intact dogs.
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and in 24-hr TPTX (group 5) the rise was from
0.40±0.03 to 0.72±0.03 (P<0.005). Due to the
simultaneous fall in (TF/P)1 and rise in (TF/UF),
fractional phosphate reabsorption was inhibited out of
proportion to the change in fractional sodium
reabsorption (Table 1, right). Mean decrease in
fractional phosphate reabsorption after saline admini-
stration was 0.29, 0.34 and 0.34 in groups 3, 4 and 5,
respectively. After saline expansion, there was no
correlation between (TF/UF) and (TF/P)1 in either
the intact or TPTX dogs (Fig. 2); the inverse correla-
tion described for the control period in TPTX dogs
was no longer apparent.
Measurements of single nephron glomerular filtra-
tion rate (SNGFR) were obtained during the non-
diuretic periods (i.e., prior to saline infusion) in all
groups of dogs. Such data were obtained from 28
tubules in ten intact dogs (groups 1 and 3) and from
22 tubules in seven TPTX dogs (groups 2 and 4). The
mean values of SNGFR in each group were then
multiplied by 3.51 x l0, an estimated value of the
number of nephrons per dog kidney [16]. This latter
calculation was done to allow a comparison between
the calculated whole kidney GFR (derived from
SNGFR) and measured whole kidney GFR (inulin
clearance). The ratio of calculated GFR/inulin
clearance might afford an index of the degree of
nephron heterogeneity, and changes in this ratio
might reflect changes in distribution of glomerular
filtrate between superficial and deep nephrons.
The results of the above measurements and calcula-
tions revealed that in the intact animals, mean calcu-
lated GFR was 29 ml/min, mean inulin clearance was
31 ml/min and the ratio of the two was 0.94. In the
TPTX groups, the mean calculated GFR was 25
mi/mm, mean inulin clearance was 29 mI/miri and the
1.2 1.4 .6 1.8 2.0 2.2 2.4 1.4 1.6 1.8 2.0 2.2 2.4
TFIP(,, TF/P1
mean ratio was 0.86 (not significantly different from
0.94). These data suggest, therefore, that there was no
major degree of redistribution of glomerular filtrate as
a result of acute thyroparathyroidectomy.
Discussion
These studies indicate that although proximal tubu-
lar phosphate reabsorption is enhanced in TPTX
compared to intact dogs during hydropenia, the inhi-
bition of proximal phosphate transport after saline
expansion appears to be similar whether or not PTH is
present. On the other hand, since significant phos-
phaturia did not occur in TPTX animals, a large
capacity for phosphate reabsorption at one or more
sites beyond the accessible proximal tubule was
uncovered by the acute or subacute (24-hr) removal of
PTH.
A number of recent micropuncture studies have
shown that in intact animals, phosphate is reabsorbed
against a concentration gradient in the proximal
tubule, so that the (TF/UF)P is consistently less than
1.0. The value of 0.6 in the present study, using electron
probe analysis, is similar to values published by Agus
et al in the dog [6]—and by Gekle [11]; Morel, Roinel
and Le Grimellec [12]; and Frick [13] in the rat. As in
other studies, we found no significant correlation
between (TF/UF) and (TF/P)1 in intact animals,
suggesting that very early in the proximal tubule (at
sites apparently unavailable to micropuncture) phos-
phate is reabsorbed at a much faster rate than
sodium and fluid. Thereafter, phosphate and sodium
are reabsorbed in parallel, which suggests that at
least a portion of phosphate transport might be
dependent upon net sodium reabsorption.
The micropuncture results in the TPTX dogs prior
to saline expansion provide additional information on
the relationship between sodium and phosphate
transport. In both acute TPTX and 24-hr TPTX dogs,
(TF/UF)P ratios fell significantly as sodium was pro-
gressively reabsorbed by the proximal tubule (Fig. 1).
Gekle [11] has described a similar relationship in
three-day TPTX rats, and Amiel, Kuntziger and
Richet [14] have shown a regression in acute TPTX
rats with a slope similar to ours. Although the scatter
of the data is such that firm statements cannot be
made, such a relationship is consistent with phosphate
being reabsorbed in some fixed ratio with sodium,
as in intact animals. However, in TPTX dogs, phos-
phate concentration in the reabsorbate must be higher
than that in tubular fluid. It is interesting that the
values for (TF/UF) at very low (TF/P)111 (i.e., very
early in the proximal tubule) were similar for both
intact and TPTX animals, at a value of about 0.7.
This suggests that PTH may not be required for the
Intact Acute TPTX
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Fig. 2. (TF/UF) values for individual tubules, plotted against
corresponding (TFfP)1, values, after saline expansion in intact(left) and acute TPTX dogs (right). The broken lines in each
graph enclose the 95% confidence band for (TF/UF)P VS.
(TF/P)1 in the same dogs before saline expansion.
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very early avid phosphate reabsorption in relation to
sodium. Following establishment of this ratio of 0.7
early in the proximal tubule, however, the ratio be-
tween sodium and phosphate in the reabsorbate is
determined by the presence or absence of PTH.
After saline expansion, (TF/UF) rose in intact and
TPTX animals (Fig. 2), reflecting an alteration in the
sodium-phosphate relationship existing during hydro-
penia. The initial negative correlation between
(TF/UF)P and (TF/P)1 in TPTX animals was no
longer demonstrable after saline expansion.
Boulpaep and Seely [15] and others have suggested
that there is increased backleak of interstitial fluid via
intercellular channels following volume expansion. If
this phenomenon occurred in the present studies, it
would be expected to cause tubular fluid ionic con-
centrations to approach those of peritubular plasma,
and could thereby explain the rise in (TF/UF) (and
alteration of the initial sodium-phosphate relation-
ships) that occurred in all three experimental groups
after saline expansion.
Comparison of changes in proximal phosphate
transport with changes in urinary excretion provided
an index of phosphate handling distal to the late and
accessible portions of the proximal tubule. Examina-
tion of Fig. 3 reveals that the proximal inhibition of
phosphate reabsorption by ECVE was similar in intact,
acute TPTX and 24-hr TPTX dogs, ranging from 29%
to 34% of filtered load. In marked contrast, only the
intact dogs developed a significant increase in frac-
tional phosphate excretion (mean increase was 26% of
filtered load). Almost all of the excess phosphate de-
livered out of the proximal tubule as a result of ECVE
therefore must have passed through the more distal
segments of the nephron without further reabsorption.
On the other hand, very little if any of the proximally
rejected phosphate was excreted in acute or 24-hr
TPTX dogs, indicating that the absence of PTH was
associated with an enhanced distal reabsorptive
capacity. The results in this study are therefore
compatible with our prior study [9] in which proximal
inhibition of phosphate reabsorption was affected by
acetazolamide administration, but marked phos-
phaturia occurred in intact but not in TPTX animals.
However, despite the fact that the major adjustment
in tubular phosphate handling may be distal to the
accessible portion of the proximal tubule, it must
be acknowledged that small and undetectable dif-
ferences in phosphate delivery from the proximal
tubule could also have modified or influenced the
observed differences in phosphaturia.
It should be pointed out that during hydropenia the
fraction of filtered phosphate remaining in the late
accessible proximal tubule was always greater than the
simultaneous fractional excretion in urine of intact
dogs (Table 1). This is compatible with some degree of
phosphate reabsorption at more distal sites in intact
dogs. However, Schneider et al [16] have demonstra-
ted significant heterogeneity between superficial and
deep nephrons in the dog, so that any calculation
based on superficial proximal nephrons may over-
estimate the true delivery to the loop of Henle. Since
distal tubule punctures were not done, our data do not
resolve this question. Nevertheless, the almost com-
plete excretion of the proximal rejectate after saline
infusion in intact animals indicates that the factors
responsible for this discrepancy during hydropenia
were not altered significantly during ECVE. In
addition, our data on SNGFR from the nondiuretic
periods in the intact and TPTX animals indicate thatj acute TPTX does not cause a major degree of redistri-
0.4 .E bution of glomerular filtrate between superficial and
deep nephrons.
Recently, Frick reported his observations on-
phosphate transport utilizing micropuncture studies in
saline-loaded rats [13]. The findings in his intact
animals were qualitatively similar to our data; ECVE
resulted in a rise in proximal (TF/UF)P from 0.5 to 1.0,
and a significant phosphaturia occurred. In acute
TPTX, however, the results were quite different. After
ECVE, proximal (TF/P)phosphate was only 0.55, so that
fractional delivery out of the proximal tubule as well
as urinary FE of phosphate was much lower than in
intact animals after ECYE. In fact, the differing effect
of ECVE on fractional excretion of phosphate in urine
between these two groups could be entirely accounted
for by the difference in proximal fractional reabsorp-
0
.E 0.60.0
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0.4—
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Tntact Acute TPTX
•0.0
24-hr TPTX
Fig. 3. Effect of saline expansion on the fraction of filtered phos-
phate remaining in the late proximal tubule [(TF/P),>1,7O] (on
the lert) and on fractional phosphate excretion in the urine (on
the right) in intact, acute TPTX and 24-hr TPTX dogs. Symbols
represent the mean 5EM of all dogs within each group. Lines
interconnect mean values before and after saline expansion.
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tion, suggesting that distal phosphate handling was the
same in the presence or absence of PTH. The reasons
for the differences between Frick's findings and ours in
both the proximal and distal nephron, other than a
species difference, are not apparent, although the
volume loads utilized by Frick (about 1O% of body
wt) were greater than ours (5%).
Furthermore, the effect of ECVE on phosphate
transport in the rat is apparently variable depending
on eating habits since Kuntziger, Arnie! and Gaude-
bout [17] have recently reported micropuncture
studies in intact fasted rats, in which ECVE caused no
decrease in proximal phosphate reabsorption and in
which no phosphaturia occurred.
Although the present study provides an explanation
for the blunted phosphaturia after ECVE in acute
TPTX animals, it does not explain what adjustments
take place in the chronic TPTX animal, in which
significant phosphaturia does occur after volume
expansion [2, 3]. It seems likely that hyperphos-
phatemia may play a role, since Strickler et al [18]
showed that phosphate loading caused proximal
(TF/UF) to rise well above unity in intact rats. This
is probably not the whole explanation, however,
since in the present study 24-hr TPTX dogs, with base-
line plasma phosphate concentrations significantly
higher than those in intact or acute TPTX dogs,
developed no phosphaturia after ECVE. It is possible
that a change in the response of the distal nephron
to increased loads of phosphate occurred with time
in TPTX dogs, thereby allowing more of the proxi-
mally rejected load to be excreted in the urine.
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